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4.1 Plasma length measured for both techniques. 52 
 















7.1 Damaged area measured for different laser energy for 1, 
























2.1 The depth of focus of the laser light [11]. 
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2.2 Beam diameter of a Gaussian beam as fundamental mode 




2.3 Mechanism of photodisruption induced by Q-switched 




2.4 (a) Initiation, (b) electron avalanche growth and (c) plasma 
formation by optical breakdown. The dominant mechanism 
of initiation of ionization by a Q-switched pulse is 






2.5 Current-voltage (I-V) characteristic curve of plasma [40]. 
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2.6 Schematic diagram of breakdown due to Q-switched laser 




3.1 Samples used in the experiment: 








3.2 Photograph of HY200 Nd:YAG laser. 
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3.3 HY200 Nd:YAG laser component layout [61]. 
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3.5 Schematic diagram of the external trigger circuit. 
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3.6 Output pulse of the external trigger circuit. 
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3.7 Time delay between the external trigger and the laser. 
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3.8 The Langmuir probe 
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3.9 The Langmuir probe and its detection circuit: 
(a) The detection circuit of the Langmuir probe 







3.10 The voltage mode pressure sensor used to detect the 




3.11 Photographs of imaging equipments: 






3.12 Interface of the Matrox Inspector software. 
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3.15 Single lens focusing technique. 
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3.16 Combination of two lenses to focus the laser beam. 
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3.17 Experimental setup to study the generation of plasma in 




3.18 Schematic diagram of experimental setup 
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3.19 Experimental arrangement for pressure wave detection 
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3.20 Schematic diagram of experimental setup to study the 




4.1 Plasma produced when single lens technique used. 
Magnification of 6x. The direction of laser beam is 





4.2 Growth of plasma anterior to the predicted focal point 
[21]: 
(a) a threshold pulse with spherical breakdown at the 
beam waist; 
(b) a greatly suprathreshold pulse attains breakdown 
threshold anterior to the minimal spot size 
(c) a moderately suprathreshold pulse extends toward the 










4.3 Multiple breakdown due to longer focal region [56]. 
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4.4 Plasma formed in saline solution. Magnification factor is 









4.5 Observation of plasma using different focusing 
techniques: 
(a) Single lens focusing technique 
(b) Combination lenses focusing technique 
 
51 
4.6 The distribution of plasma beam along the x-axis [11]: 
(a) Gaussian beam profile 





4.7 Plasma length with respect to laser energy. 
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5.1 Typical signals collected by Langmuir probe as a 




5.2 Typical signals collected by Langmuir probe as a 




5.3 I-V characteristic curve of Langmuir probe. 
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5.4 Linear part of the I-V characteristic curve. 
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6.1 Typical acoustic shockwave signal detected at different 




6.2 Typical acoustic shockwave signal detected at different 




6.3 Typical acoustic shockwave signal detected at different 




6.4 Acoustic shockwave pressure as a function of laser 












7.1 Damage induced by a single laser pulse on PMMA 




7.2 Damage induced by 5 pulses of Q-Switched laser on 




7.3 Effects on PMMA which has been exposed to 10 pulses 




7.4 Target irradiated at different number of pulses at laser 




7.5 Damaged area as a function of laser energy for different 




7.6 Damaged area versus number of laser pulses taken at 












a  - Radius of the aperture 
Cp - Specific heat 
d,D - Distance 
E - Laser energy 
Ea - Absorbed laser energy 
Eo - Electric field strength 
f - Focal length 
I - Current 
Is - Electron saturation current 
L - Lens 
M - Magnification factor 
ne - Electron density 
P - Pressure 
Pd - Power density 
Rb - Radius of the optical beam 
RL - Resistor 
Rt - Acoustic source radius 
r - Radius of the beam spot 
Te - Electron temperature 
V - Voltage amplitude 
V
 
- Optical absorbed volume 
Vf - Floating potential 
Vs - Plasma potential 
Vpp - Probe potential  






- Beam radius  
w0 - Beam waist 
z - Depth of focus 
z0 - Focal point 
zR - Rayleigh region 
 - Absorption coefficient of the liquid 
â - Thermal expansion coefficient 
∆T - Temperature rise 
 - Wavelength 
eff  - Penetration coefficient 
v - Speed of sound 













A Measurement of laser beam parameters 
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B Refractive index of natrium chloride solution as a 






C Main properties of PMMA [84]. 
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F Calculation of the pressure of the acoustic shockwave 




G Calculation of damage threshold of PMMA (Chapter 7, 
Section 7.2) 
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